Contact adhesives for adhesive tapes are applied as aqueous dispersions on the carrier. The addition of aqueous dispersions of baryte nanoparticles in waterbased acrylate dispersions results in a signifi cant increase in the dynamic shear strength and increased resis tance to deformation. The wedge test was used to demonstrate the increase in cohesion.
INTRODUCTION
The adhesives used on one-sided and double-sided adhesive tapes are acrylates, modified rubbers, thermoplastic elastomers and special silicones. They are applied to the carriers without fi llers or reinforcing materials in the form of aqueous dispersions, dissolved adhesives or as hot melts and wound up after the evaporation of the liquid phase or the cooling of the hot melt and/or cut into tapes. UV-curing adhesives are applied like hot melts and then cured with UV rays. Contact adhesives can also be applied by screen printing and likewise cured with UV rays.
The layer thicknesses of the adhesives are between 10 und 100 µm. There are also high-build systems consisting of middle core layers based on PE, PUR or acrylate foam, which are coated on both sides with a contact adhesive. Apart from a few exceptions, once again these adhesive layers do not contain any fi llers.
FILLERS IN POLYMERS AND ADHESIVES
The incorporation of fi llers enables the properties of the polymer matrix to be changed permanently. The fi llers in polymers have to perform the following tasks:
• reduce cold fl ow and creep under load,
• increase strength and modulus of elasticity,
• increase thermal and electrical conductivity.
An increase in strength is generally associated with a reduction in toughness, so the fi ller content of polymers is limited. To achieve signifi cant changes in the properties, far more than 5% by volume of additives are required, preferably between 10 and 30%. References [1 and 2] contain reports on the incorporation of Ag and Co nanoparticles in hydrocarbons (casting resins) and PVC-P using DOP as a carrier fl uid in order to infl uence magnetic and antibacterial properties. The additives are then in the ppm range. Recently developed adhesives contain nanoscale ferrites in order to achieve rapid microwave heat curing.
Although the incorporation of inorganic particles in adhesives has been known for a long time, no fi llers are used in contact adhesives or other thin adhesives since they either have too great an infl uence on the working consistency (structural viscosity, thixotropy) or are too large in relation to the thickness of the adhesive.
NANOPARTICLES
The development of inexpensive nanoparticles means that this situation has now changed. Nanoparticles with structures of less than 100 manometers can be incorporated in suitable quantities of up to 30% volume in liquid adhesives without signifi cantly changing the rheology. This is particularly the case if the nanoparticles are dispersed in liquids which are not themselves components of the adhesives, e.g. acrylate, pol ols and epoxides. Here, the decisive factors are that the nanoparticles can be easily incorporated in the adhesives, must available in suffi cient quantities and the costs must be acceptable in relation to 
EXPERIMENTAL

Shear Tests
There is no quantitative information available as yet.
As Figure 1 shows, there is a signifi cant increase in the dynamic shear strength. The mixture during the application of the adhesive consisted of an aqueous acrylate dispersion (solids content 60%) and an aqueous dispersion of nanoscale barium sulfate (solids content 70% by mass, 50% of which is barium sulfate). The mixing ratio was 2:1 without any impairment to processing properties. The solids content with a mixing ratio of 2:1 for dispersion No 2 with the nanoparticles was 60%. The 25 mm wide samples were coated with the contact adhesives and bonded together with a 25 mm overlap. As usual with contact adhesives, the bonds were fi xed under pressure and the test performed after 72h.
Figure 1. Shear tests with an acrylate dispersion contact adhesive (No. 1) on powder-coated metal sheets
Figure 2. Shear tests on acrylate contact adhesive (No. 2) on Al with (top) and without nanoscale fi ller (bottom T/16
In this test, the dynamic shear strength was measured at a test speed of 1 mm/min, i.e. the polymer molecules in the adhesive coating had the possibility of fl owing or of putting up a high resistance to deformation. In addition, the adhesion of the acrylate adhesives to the substrates with the nanoparticles was so high that there was no adhesive failure in the shear test or if there was, this was only after high slippage. The substrates used were PC, PE, Al, powder-coated surfaces and galvanised metal sheets With the same nanoparticle content (mixing ratio always 2:1), the effect of the nanoparticles in different acrylate dispersions is determined by the type of acrylate. Attention is drawn to the high initial value and the increase in strength as a result of the addition of nanoparticles to the acrylate (Figure 2) .
According to the experiences gained to date, the curve pattern is determined by the following factors:
• the rigidity and pre-treatment of the substrate,
• the test speed,
• the quantity of nanoparticles,
• the temperature during the application and test,
• the type of nanoparticles Even at temperatures of up to 70 °C, the strength values of the acrylates containing nanoparticles were clearly above the values for unfi lled acrylates.
Obviously
Wedge Test
The wedge test is a suitable method for determining inner strength and adhesion to different substrates [3] . The adhesive is applied to 25 mm wide rigid profi les over a length of 60 mm and after 72 h they are expanded by the insertion of a wedge (Figure 3) . The possible failure models are shown in Figure 4 . Figure 5 shows the force-deformation curve during the expansion. Without fi llers, the adhesive has a low intrinsic strength, but it strengthens after the extension of the material. This effect may be explained by the stretching and/ or orientation of the polyacrylate molecules. As the yield stress increases, there is a cohesive failure of the adhesive. There is adhesive residue on both surfaces of the substrate. The acrylate adhesive with nanoparticles can withstand higher mechanical stresses, but on the other hand the fl ow effect is less pronounced. At higher forces, there is an adhesive failure between the adhesive and one of the Al surfaces after about 5 mm.
The investigations show that the addition of nanoparticles is a way of signifi cantly changing the properties of contact adhesives and that the effect of the type of acrylate and the changed creep behaviour are also determined by the substrate and the pretreament.
The quantitative infl uence of the particles on the cohesion of the contact adhesives is also a function of the adhesive fi lm thickness. Other work is concerned with the optimisation of the adhesive formulations, with the relationship between particle concen tration and rheology, the dispersion sta bility, the particle distribution as a function of mixing energy and the behaviour at different fi lm adhesive thicknesses. Since the nanoparticles are not only available in aqueous dispersions, but the particles are also exist in a stable distribution in solvents, solvent-based adhesives such as acrylates, rubbers or polyurethanes can also be reinforced with nanoparticles.
